We conducted research on the effects of exposing barley plants to short water stress deficiency through their early growth stage. The measurements and parallel analyses of relative water content (RWC), the mass of the whole plant, leaf mass, root percentage, total root length and length of root fractions with plants exposed to stress (water deficit) and with plants which were not exposed to water deficit have been conducted. Ten varieties were included in this research. The overall average of relative water content (RWC) measured in winter barley varieties was 97.5% under non-stressful conditions, and 66.1% under stressful conditions. An average difference between non-stressful and stressful conditions of plant mass was 61.2 mg, leaf mass 42.5 mg, RWC 31.4%, root mass 18.5 mg and total root length 129 cm. Relative losses under effect of water stress were lower at smaller (finer) root fractions. Significant differences among the examined barley varieties cultivated under or without the water stress were found for plant mass, leaf mass, root mass, total root length and root fractions. Varieties with the lowest losses in leaf and plant mass are Titan, Arturio and Bingo. Also, the varieties Titan, Bingo and Rex had the lowest losses of root length and mass under water stress during the early growth stage.
INTRODUCTION
The area of Eastern Croatia is considered the most important agro-ecological area for winter and spring barley production in the Republic of Croatia and is situated in a transitional area from moderate semi-arid continental type of climate to a moderate semi-humid continental Middle European climate. Characterization of this area is based on changeable weather conditions with emphasis on the amount and distribution of precipitation, which causes prevalence of shorter or longer dry periods (Kovacevic et al., 2006a (Kovacevic et al., , 2006b .
Abiotic stress factors such as drought, salinity, extreme temperatures, chemical toxicity and oxidative stress pose a serious threat towards plant varieties in agriculture. Abiotic stress causes grain loss for most cereals by more than 50% (Boyer, 1982) . Lalić et al. (2003) state that the barley production, within the productive area of the Republic of Croatia, is commonly exposed towards a number of stressful factors which significantly affect grain yield and quality, especially in malting barley. Authors imply that the most common biotic and abiotic stress factors in our conditions have been caused by various diseases, soil acidity, low temperatures, drought and high temperatures.
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Abiotic stress leads towards morphological, physiological, biochemical and molecular changes which negatively affect the plant growth and productivity. Drought, salinity, extreme temperatures and oxidative stress are commonly connected and can induce similar cell damage. For example, drought and salinization are primarily expressed as osmotic stress where they affect homeostasis and ion distribution inside the cell (Serrano et al., 2001 ). High temperatures accompanied by oxidative stress, salinity or drought may cause denaturation of functional and structure proteins (Smirnoff, 1998) . Barley is one of the most extensively cultivated cereals in the Mediterranean region, and although water stress reduces its productivity (Lopes et al., 2004) it is, among the main temperate cereals, the one that adapts best to water shortage (Sanchez-Diaz et al., 2002) .
Within this research, we explored the effects of exposing plants of 10 barley varieties to short water stress deficiency during the early stages of plant growth in order to grade them for either future recommendation and/or selection purposes.
MATERIAL AND METHODS

Plant material
The plant material used for this study included ten varieties of winter barley. Varieties Barun, Bingo, Gvozd, Lord, Titan, Rex, Spartak and Trenk are varieties of the Agricultural Institute Osijek (Croatia). Vanessa is a barley variety created in Germany (Saatzucht Josef Breun, GDBR-Herzogenaurach). Variety Arturio is created in France (Secobra). Varieties Arturio, Lord and Titan have 6-rowed type of spike.
Glasshouse trial
The trial is set up as a two-factorial glasshouse test on the Institute for Adriatic Crops and Karst Reclamation in Split through three repetitions with completely randomised block design, with genotype and water stress as main factors. Sowing of barley cultivars was conducted on March 20 th inside the pots (55 mL volume) filled with commercial organic substrate (KlasmannDielmann, Geestz, Germany) and mixed with quartz sand in 1:1 ratio. Plants started to emerge after four to six days after sowing (March 26 th ); the emergence was over 90% for all varieties. Fertilization with nutrient solution (EC=1.0, pH=5.5) was applied on April 4 th for stress and non-stress plants/samples and the last irrigation for stress induced plants was done 21 days after sowing (April 9 th ). Relative water content (RWC) was measured on April 13 th , exactly five days after the irrigation stopped. Samples of the second leaf (by maturity) have been taken, with the central area (1 cm 2 ) being cut off. One part of the leaf was immediately weighed, so we could determine the fresh leaf weight (FW). The leaf parts had been rehydrated for 20 hours inside the test tubes with distilled water and shaded; afterwards, we determined the turgid leaf weight (TW). The leaf was dried at 105°C until constant weight was achieved for the dry leaf weight (DW) measure. Relative water content was calculated with the following equation:
RWC= 100 x (FW-DW) / (TW-DW). After seven days under water stress, at the time when signs of wilting were evident on all of the plants, we added water to retrieve turgor.
Afterwards the leaf was dried to the constant weight. The root was washed with water in order to remove the soil and sand particles from its surface, and then it was scanned (EPSON, std 1600 scanner) on 600 dots per inch (dpi), dried and later, dry weight was determined. Total root length and length by category (classes of 0.250 mm) were measured with the use of programme system for root analysis (WinRhizo La 1600, Regent Instruments Inc., Quebec, Canada).
Traits
The measurements and parallel analyses of relative water content (%), the mass of the whole plant (mg), leaf mass (mg), root percentage (%), total root length (cm) and length of root fractions (RL1-RL4) (cm) with plants exposed to stress (water deficit) and with plants which were not exposed to water deficit were conducted.
Measured root length fractions by categories of root diameter (in mm) are: -RL1 -0,001-0,250 mm, -RL2 -0,251-0,500 mm, -RL3 -0,501-0,750 mm, -RL4 ->0,751 mm.
Data analysis
Data were analysed in Irristat for Windows © 2005, Version 5.0 software, where differences between varieties were calculated through Fisher's LSD test with display of aberration between stress and non-stress induced treatments (A-B) for all examined traits.
RESULTS AND DISCUSSION
Relative water content (RWC) measured for 10 varieties of winter barley was 97.5% under non-stressful conditions, and 66.1% under stressful conditions ( Table  1 ). The average leaf mass of 10 cultivars was 174.9 mg without stress and 132.4 mg under stress, while the entire plant mass was 238.6 mg (non-stress) vs. 177.4 mg (stress). Average root mass was 63.7 mg (nonstress) and 44.9 mg (stress). Total root length was 776.5 cm (non-stress) and 647.3 cm (stress). An average difference between non-stressful and stressful conditions for plant mass was 61.2 mg, leaf mass 42.5 mg, RWC 31.4%, root mass 18.5 mg and total root length 129 cm (Tables 1 and 2 ). Significant differences between varieties considering stressful and non-stressful conditions were found for parameters such as plant mass, leaf mass, root mass and total root length. (Table 1 ). There were no significant differences of RWC values identified among examined varieties. Sinclair and Ludlow (1985) suggest that leaf relative water content (RWC) has been proposed as a more important indicator of water status than other water potential parameters under drought stress conditions.
The highest plant and leaf mass was realized by variety Vanessa (272.7 mg and 148.9 mg, respectively). Variety Titan had the least difference between plant, leaf and root mass values in plants cultivated under or without stress (Table 1 and 2). Measurements of variety Titan cultivated under stress also showed that its root mass (44.7 mg) is similar to average root mass (44.9 mg) among all varieties. But, bred under non-stressful conditions, the Titan showed 48.5 mg of root mass, whereas the average root mass of all varieties is 63.7 mg. So, Titan is well below the average value of other varieties grown without stress. Higher losses in root mass of plants grown under stress were found for varieties Barun (29.5 mg) and Vanessa (26 mg), with the lowest root mass loss for varieties Titan (3.8 mg) and Bingo (14.1 mg). Various effects of water stress on root length were also determined (Table 3 .), as we found the root shortening after water stress induction, where variety Titan (26.05) and Rex (62.57) showed the lowest loss of root length, whereas Arturio (179.17) and Gvozd (165.49) showed the highest loss in root length.
Root portion in total plant mass was from 23.6% (Trenk) to 28.6% (Barun) cultivated under non-stressful conditions, and from 20.9% (Trenk) to 27.6% (Barun) under stressful conditions (Table 2 ). Statistically significant lower percentage of root and plant mass were displayed by variety Trenk considering variety Barun under both stressful and non-stressful conditions, and variety Trenk considering varieties Arturio and Titan under stressful cultivation conditions. The largest differences between proportional percentages of root and plant mass under stressful and non-stressful conditions can be seen in varieties Gvozd (2.9%) and Vanessa (3.6%), and the lowest in varieties Titan (0.1%), Arturio (0.7%) and Bingo (0.2%).
Janda et al. (2008) pointed out, for wheat varieties, that PEG-treatment caused a more pronounced reduction in the weight of the shoots or roots than in their length. The reduction of biomass production was much less severe in the roots than in the shoots.
Morphological characteristics connected with drought tolerance, like the size of the root system and various leaf features, are of special concern because differences within the root system can impact the intake of nitrogen and other nutrients. Bertholdsson (1999) confirmed the fact that differences in root development and water utilization, dissimilar growth rhythm, plant morphology and yield components do affect grain yield and variability of grain protein content. Gonzales et al. (2007) indicated the presence of synergy between content of formed biomass and lower grain yield when less adaptable genotypes were exposed to water stress.
Efficiency of breeding programme by inducing selection under stressful conditions for cultivated plants was pointed out by Annicchiarico and Pecetti (1995) , stating that breeding by observation, towards crop phenology imaging concerning water availability was successful in case of grain yield improvement by selecting adaptable genotypes in cases where the restricting factor is water. Botanical and agronomical plant characteristics were often used by breeders as criteria in selection mostly because they are simple to understand, use and are not expensive to analyse.
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To achieve a more precise analysis of stress effect on barley root system, we conducted fraction measurement. Under non-stressful conditions, varieties Vanessa (887.2 cm) and Bingo (854.0 cm) had the longest root length and under stressful conditions varieties Rex (759.2 cm), Bingo (727.6 cm) and Vanessa (724.7 cm) ( Table 2 ). Root fraction RL1 (the smallest or finest root fraction) makes the most of the root length, that is 87.1% of total root length under non-stressful conditions, and 88.5% of total root length under stressful conditions. The largest root fraction (RL4) makes the least portion of total root length, which under non-stressful conditions was 1.6%, and under stressful conditions 1.1 % (Table 2 and 3) . The smallest differences in root length among the finest fractions (RL1) between stressful and non-stressful conditions were established by varieties Titan (14.9 cm) and Rex (33.5 cm) ( Table 3) . Variety Rex had the longest length of the finest root fraction (RL1) under stressful conditions, while variety Bingo (60.1 cm) had the longest length of root fraction RL2. Under non-stressful conditions, Barun (16.2 cm) had the longest length of the largest root fraction (RL4), which reduced most under stress (7.0 cm) when compared to other varieties. So, the conclusion is that relative losses under the impact of water stress are lesser as the root fractions are smaller. Losses in root length at the largest fraction (RL4) were portioned 41.2%, while the losses of smaller fractions were from 16% (RL1) to 31% (RL3). Kafawin (1998) suggests the use of root length and mass of the root dry matter as selection criteria for creating drought resistant barley varieties. However, Gorny (1996) pointed out the absence of stronger genetic correlation of barley genotypes between seminal and advent root system. Breeding varieties to increase resistance to lodging includes creation of lines with developed and healthy root system, shorter, firm and elastic stem which cannot be easily broken by the wind, with resistance to pathogens and insects that attack and weaken the root and stem. Ceccarelli et al. (1998) concluded that the most productive lines under stressful conditions are the ones whose selection was being done not only under stress, but also the ones which originate from local varieties (landraces) collected within extremely arid areas. These findings signify an already confirmed fact that the most effective way of achieving breeders gain towards crop productivity enhancements in cultivation on less suitable areas is the use of adapted germplasm within targeted environment.
Morphological and structural adjustments, for which it has been known they provide better impact under the drought, are awns and wax coating. If present on barley, plant awns do improve the spike transpiration effectiveness (Bort et al., 1994) . As it was shown, the examined winter barley varieties react differently on imposed short water stress deficiency through relative water content (RWC), plant, leaf and root mass, total root length and the length of specific root fraction (RL1-RL4), which displays the possibility to select better adjusted varieties for crop production under water shortage. It is important for breeding and selection that varietal properties are less prone to genotype by environment interaction, thus making these properties much more efficient and reliable for use through selection process.
Barley breeding, in the sense of drought resistance enhancement, should be focused on creating varieties with larger absorbance strength and water storage capacity with implementation of certain mechanisms to hamper water loss through leaf drying (Gonzales et al., 1999; Ivandić et al., 2000). These findings may serve in selection of varieties more resistant to drought stress, especially during the early growth stages and they also provide useful information about potential parental lines to be used in future breeding programs with goal to produce lines with higher tolerance to water deficit.
CONCLUSION
Through research, the measured average of RWC under non-stressful cultivation conditions was 97.5% and under stressful conditions 66.1%. Influenced by water stress, the average differences in values between cultivation under stressful and non-stressful conditions were: plant mass 61.2 mg, leaf mass 42.5 mg, RWC 31.4%, root mass 18.5 mg and root length 129 cm.
Variety Rex showed, under stressful conditions of cultivation, the largest length of the finest root fraction (RL1), while variety Bingo had the longest root fraction RL2. With Barun displaying the longest root fraction RL4 (16.2 cm) which, compared to other varieties, reduced the most under stress (7.0 cm). Relative losses under effect of water stress were less at smaller (finer) root fractions.
Significant differences between the examined barley varieties cultivated under or without stress (water deficit) were determined through factors of plant mass, leaf mass, root mass, total root length and root fractions. Varieties with the lowest losses in leaf and plant mass are Titan, Arturio and Bingo. Also, varieties Titan, Bingo and Rex had the lowest losses in root length and mass, which makes these varieties well graded for either future production recommendation and/or selection purposes against drought.
